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LANDING LOADS INVESTIGATION INSTRUMENTATION 


INTRODUCTION 


Contract NGa(a) 59-6226c was established to 
measure losds and contact conditions during 
landings of an A4D-2 airplane. Under she 
terms Of the contract, instrumentation was 
installed in the atrplane and landings were 
performed at the Naval Air Test Center, 
Patuxent River, Maryland under specific 
contact conditions. Upon completion of 

these landings, the instrumentation was re- 
woved from the airplane and shipped to the 
Douzlas Aircraft Company facility at Ei 
Segundo, California for a series of laboratory 
drop tests with an A4dDe2 static test airplane. 
This report discusses the instrumentation in- 
Btalled in both the flight and drop test air- 
planes and also the supporting instrumentation 
used durins the flight and drop tests. 
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DISCUSSION 


An experimental flight and airplane drop test program was 
conducted with consistent instrumentation on a Model AuD~-2 
airplane to measure landing loads and contact conditions. 
The data obtained curing these tests were to be combined 
with a dynamic analysis. The results of that analysis, 
together with the results of the tests previously con- 
ducted by the NASA at their landing loads track, were ex- 
pected to provide a firm basis for evaluating the adequacy 
of simulating loads in airplane and jig drop teste as well 
as determining the extent to which those loads might be 
calculated by dynamic analysis. 


The installation of the instrumentation in the airplane 

was completed at the Neval Air Test Center, Patuxent River, 
Maryland. The work was done under tne supervision of 
Douglas Aircraft Company engineering personnel with the as- 
sistance of NATC personnel. Tha Model A4D-2 airplane, BuNo 
142089, remained under the custody of NATC during the 
instrumentation period and the flight test phase. Actual 
installation of instrumentation in tne airplane commenced 
July 1, 1960, when the sirpiane was made available for the 
Landing Loads Investigation. The airplane had been utilized 
by NATC for Carrier Suitabllity testing and contained 
partial instrumentation. Following completion of the flight 
test phase of the program at NATC, the Lending Loads ine 
strumentation was remeved from the airplane during the 

month of November, 1960. The instrumentation was then 
shipped to the Douglas Airaraft Company, El Sezundo plant 
for use in the drop test phase of the progran. 


A left instrumented main landing gear, No. 10, which had 
been used by the NASA in their forward velocity drop jig, 
was installed on the Model A4D-2 airplane, BuNo 142089, 
together with a right instrumented main landing gear, No. 
16. In addition, accelerometers were installed at the 
airplane center cf gravity, the nose, the nose gear, the 
wing tips and on external wing stores to measure response 
characteristics of the airplane structure to typical ap- 
plied ground loads. Other instrumentation was used to 
define the airplane attitudes, motions, and velocities 
and to define pressures within the landing gear. Calib- 
rations of the instrumented landing gear were conducted 
prior to the flight tests, after the flight tests and 
prior to the drop tests, and again after the drop tests 

Ay were completed. These calibrations are discussed in de- 
tail on Page 2.019. 


A special instrumentation store, consisting of a modified 
300 gallon external fuel tank, was utilized to carry the 


oscillograph recorders and tre associated equipment. This 
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DISCUSSION (centinued) 


store was carried on the airplane centerline pylon for all 
the landing tests and, subsequently, was used with its 
equipment during the drop test program. Photezraphs of 
the airplane with the instrumentation store installed on 
the centerline pylon and with the external fuel tanks in- 
stalled on the wing pylons are included on Pages 1,291 and 
1.202. 


The airplane parameters were recorded on two 35 channel re- 
cording oscillographs. The oscillographs were CEC type 
5-119P-3 and were installed in the instrumentation store. 
Photographs of the instrumentation stere with the equipment 
installed are shown on Pages 1.203 threugh 1.205. Ad- 
ditional equipment installed in the instrumentation store 
included four strain gage balance panels, one thermocouple 
control panel, pewer supply, time standard, and special 
calibration boxes. 


The strain gage balance panels were of Deuglas design, 
drawing No. X-5501720, and contain a balance circuit, 
sensitivity circuit and an automatic calibration circuit. 
All parameters recorded on the oscillograph were controlled 
threugh these balance panels except strut positions, strut 
velocity, wheel position, strain sage voltage monitor, 

time standard, and thermoceuples, The thermocouple control 
panel was built Sy Douglas and contains an automatic calib- 
ration circuit and a sensitivity cirouit. All thermo- 
couples recording temperatures were controlled through 

this panel. 


Strain gage voltage was obtained from batteries, Six volt 
batteries were connected in series and parallel to provide 
either 12 or 18 velts to the balance panels depending upon 
the sensitivity desired. Part of the batteries were re- 
Placed after each day's flight test operation to maintain 
a constant voltage. The voltage input to the balance panel 
was monitored on an oscillograph channel to assure that the 
voltage did not drop below an acceptable level. 


The time standard utilized for the flight test phase was a 
50 cps frequency generator type 200]1-2LP. A 50 cycle trace 
was generated on both oscillographs and was used as a time 
base and for oscillograph correlation. For the drop test 
phase, a Hewlett Paskard 205 AG oscillagor was used to 

7 record 1000 cycles per second simultaneously on all osceille- 
‘graphs. 


Special calibration boxes were used for strut positions and 
strut velocities, Strut position transducer calibration is 
discussed on Page 2.401, Strut velocity transducer calibra- 
tion is discussed on Page 2.415. 
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DISCUSSION (continued) 


The galvanometers used for the measurement of the loads and 
accelerations were selected for a flat frequency response 

of 135 cps 5 per cent. Galvanometers with a flat frequency 
response of 60 +5 per cent were used for the lower frequency 
parameters. 11 galvanometers were checked prior to use and 
only those with a damping ratio of 0.64 +0.1 of oritical 
were acceptable. The galvanometer response characteristics 
were measured before the drop test program and again after 
the drop test program was completed. Tnese results are 
tabulated on Pages 1.206 threugh 1.213 and are presented 
again with the discussions of the individual parameters in 
the following portions of this report. 


Accelerometers were dynamically checked for natural frequency 
and damping ratio prior to their initial use. Acceptable 
limits for damping ratio were 0.70 +0.1 of oritical. The 
accelerometers were dynamically checked following tne flight 
test phase and the results are shown on Paze 1.214. Static 
calibrations were performed on the accelerometers prior and 
subsequent to the flight test phase. Results of the pre- 

and post-calibration are aiso presented on Page 1.224 and 

an average value was used to compute accelerations. . 


Temperatures were monitored in the main landing gear lower 
mass (axle area) and in the nose section to provide a 
temperature correction to the unheated accelerometer data 
if necessary. Temperatures remained within acceptable 
limits and no corrections were necessary. 


The combined effect of the galvanometer and accelerometer 
on the frequency response characteristics of the recorded 
parameters is shown in the following sections of this re- 
port under the individual sections. The frequency response 
characteristics are tabulated on Page 1.215. The estimated 
hb ee recorded parameter accuracies are shown on Fage 
1.216, 
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GALVANOMETER RESPONSE CHARACTERISTICS 
AMP 1 = Calibration Pip Height from 
Calibration at Balance Panel 


AMP 2 = Calibration Pip Height from 
Calibration at Transducer 


RES » Transducer Resis¢cance at 
Galvanometer 


w = Natural Frequency of Galvano- 
meter 


AMP 3 = Desired Amplitude Ratio*® at 
Galvanometer Natural Frequency 


AMP 4 = Measured Amplitude Ratio® at 
Galvanometer Natural Frequency 


“Based on a low frequency amplitude of 2000 
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A4D-2 LANDING LOADS INVESTIGATION DROP TEST COMPLETED 
GALVANOMETER RESPONSE CHARACTERISTICS 


{ 


osce CH TITLE ° AMP 1 sAMP 2 
1 4 LH Air Chamber Pressure 5.33 528 
1 6 LH Strut Position 
1 7 LH Strut Velocity 
1 8 LH Vertical Platform 6 7.52 7.57 
1 Q LH Metering Chamber Pressure 7.33 7.26 
1 10 LH Axle Vertical S. G. 1 13.20 15.05 
1 11 LH Lower Mass. Vertical Accelerometer 10.55 10.43 
1 12 LH Drag Brace 25.97 23.73 
1 13 LH Gear Lower Mass Longitudinal Acc. 10.07 9.94 
1 14 LH Axle Drag S. G. D3 5.64 5.56 
1 16 LH Drag Platform 6 740 To33 
1 20 LH Gear Side Bending Moment 10.22 10.10 
1 21 LH Gear Lower Mass. Lateral Accel. 10.73 10.58 
1 23 Nose Gear Strut Position 
1 24% Nose Gear Upper Mass. Vertical Accel. 10.93 10.78 
1 19 LH Gear Rebound Chamber Pressure 7.42 7.42 
1 27 C.Q@. Normal Accelerometer 16 11.53 11.44 
1 28 FRL Pitch Attitude 
1 29 CG Lengitudinal Accel. 11.54 11.45 
1 30 A/C Roll Attitude 
| 1 31 C.@. Normal Accelerometer 100 11.50 11.41 
- 1 33 LH Gear Upper Mass Vertical Accel. 14.00 13.92 
a 1 34 LH Upper Mass Longitudinal Accel. 12.21 12.10 
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GALVANOMETER RESPONSE CHARACTERISTICS 


; AMP 4 


Calibration Pip Height from 
Calibration at Balance Panel 


Calibration Pip Height from 
Calibration at Transducer 


Transducer Resistanoe at 
Galvanometer 


‘Natural Frequency of Galvano- 


meter 


Desired Amplitude Ratio® at 
Galvanemeter Natural Prequency 


Measured Amplitude Ratio*® at 
Galvanometer Natural Frequency 
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A4D-2 LANDING LOADS INVESTIGATION DROP TEST COMPLETED 
GALVANOMETER RESPONSE CHARACTERISTICS 
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oSsca CH TITLE AMP AMP 2 
2k aRH AL Chamber Pressure 5.325425 
2 6 RH Strut Positien 
2 7 RH Strut Velocity 
2 8 RH Vertical Platform 2 7.58 Te49 
2 9 RH Metering Chamber Pressure 7230 7-22 
2 10 RH Axle Vertical SG 4 12.48 12.34 
2 11 RH Gear Lewer Mass Vert. Acc. 11.07 10.94 
2 12 RH Drag Platform 7-25 T16 
2 13 RH Axle Drag 8G 5 8.94 8.81 
2 14 RH Gear Lower Mass Long. Accel. 10.88 10.78 
2 15 RH Drag Brace 10.97 10.87 
2 16 LH Drag Bpawe 
2 23 LH Lift Pot Link 7.82 772 
2 24 Ri Lift Pot Link 7.83 Te75 
2 26 RH Wing Tip Accelerometer 9.38 5.30 
2 eT LH Wing Tip AScelevonetar: 945 9.40 
2 2y RH Gear Upper Mass Vert. Accel. 13.29 13.18 
2 3) RH Gear Upper Mass Long. Accel. 10.94 10.84 
2 33 RH Axle Side SG 3 8.94 8.81 
2 35 RH Gear Lower Mass Lateral Acc. 10.37 10.25 
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FREQUENCY RESPONSE CHARACTERISTICS OF RECORDED PARAMETERS 
FLAT RESPONSE-CPS 


PM a BE $52. 
R.H, Gear Vertical Load 115 135 
R.H. Gear Drag Load 55 32 
R.H. Gear Side Bending Moment 90 150 
L.H. Gear Vertical Load 65 195 
L.H. Gear Dray Lead 50 100 
L.H. Gear Side Bending Moment 65 190 
L.H. Gear Lower Mass Vertical Acceleration 60 1 
L.H. Gear Lower Mass Drag Acceleration 135 150 
L.H. Gear Lower Mass Lateral Acceleration 155 175 
R.H. Gear Lower Mass Vertical Acceleration 110 130 
R.H. Gear Lower Mass Drag Acceleration 45 7 75 
R.H. Gear Lower Mass Lateral Acceleration 4O 60 
R.H. Gear Upper Mass Vertical Acceleration 50 85 
R.H. Gear Upper Mass Longitudinal Acoeleration 105 130 
L.H. Gear Upper Mass Vertical Acceleration 50 | p) 
L.H. Gear Upper Mass Longitudinal Acceleration 60 90 
R.H. Gear Strut Position 65 110 
L.H. Gear Strut Position 5: 90 
R.H,. Gear Strut Velocity 5 79 
L.H. Gear Strut Velocity 50 0 
R.H. Gear Metering Chamber Pressure TO 1 
L.H. Gear Metering Chamber Pressure 60 185 
L.H. Gear Strut Rebound Chamber Pressure 55 185 
R.H. Gear Strut Air Pressure 15 ko 
L.H. Gear Strut Air Pressure 15 4O 
R.H. Gear Drag Brace Load 60 100 
L.H. Gear Drag Brace Load 0 80 
Nose Gear Strut Position 16) 135 
Nese Gear Upper Maas Vertical Acceleration 120 145 
C.G, Normal Acceleration (Low Range) 25 4O 
C.G. Normal Acceleration (High Range) kO 55 
C.G. Longitudinal Acoeleration 20 35 
Aircraft Pitch Attitude 30 35 
Aircraft Roll Attitude 20 5 
R.H, Wing Mp Vertical Acceleration 65 1 
L.H. Wing Tip Vertical Acceleration 50 80 
RH. Wing Lift Link Load 55 170 
} LH. Wing Lift Link Load 125 145 
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Vertical Acceleration 
Drag Acceleration 

Lateral Acceleration 
Vertical Acceleration 
Drag Acceleration 

Lateral Acceleration 
Vertical Acceleration 
Longitudinal Acceleration 
Vertical Acceleration 
Mass Longitudinal Acceleration 
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Velocity 

Velocity 

Metering Chamber Pressure 

Metering Chamber Pressure 
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Strut Air Pressure 

Strut Air Pressure 
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R.H. Wing Tip Vertical Acceleration 

L.H. Wing Tip Vertical Acceleration 

oH. Gear Reaction Platform Vertical Load 
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oH, Gear Reaation Platform Vertical Load 

oH. Gear Reaction Piatform Drag Load 
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TITLE 


MAIN LANDING GEAR 
Landing Gear Loads 


The main landing gears, left and right, were 
instrumented with strain gages to measure 
vertical, drag, and side loads perpendicular 
and parallel te the strut centerline at the 
axle, Pages 2.002 through 2.018 diseuss the 
individual main gear load parameters and Pases 
2.019 through 2.032 discuss the calibration 
of the strain gages. 
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DESCRIPTION: 
Right hand main gear vertical strain gage channel, 
This transducer measures vertical loads felt at the base 
of the piston. 
CONSTANT: 
See section on Gear Calibration. (Page 2.020) 
CHARACTERISTICS : 
TRANSDUCER 
Type - ABF 13 Strain Gage 
GALVANOMETER 
wt Type - 7-342 
Serial No. - 4982 
Resistance - 348.4 Ohms 
Natural Frequency - 216.0 cps 
Damping - 0.679 
RECORDED : 
Osaillograph Channel 2-10 for Drop Test 
2-16 for Flight Test 
Ar 


e 72.003 
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RIGHT HAND GEAR NO. 16, VERTICAL CHANNEL 4 
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So: 


R = Reo (+ sarreay) 


B= Brac (~ earrcay) 
G = Gace (ario } 
BL= Biue eorio 2 
R= Catiemavion Resistance 
C) ® @D 100 K Ohms 
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DESCRIPTION : 


Right hand main gear drag strain gage. Thia trans- 
ducer measures drag loads felt at the base of the piston. 


CONSTANT: 
See section on Gear Calibration. 
CHARACTERISTICS: 
TRANSDUCER _ 
Type ~ ABY 13 Strain Gages 
GALVANOMETER 
| Type - 7-342 
4 Serial No. - 4952 
Resistance - 348.4 Ohms 
Natural Prequency - 224.8 cps 
Damping - 0.574 
RECORDED: 


Cscillograph Channel 2-13 for Drop Test 
2-15 for Flight Test 
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RIGHT HAND MAIN GEAR NO. 16 DRAG CHANNEL 5» 
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R= Reo (+ sarrcay) 

B « Bracn (- sarreay) 

G = Gacen (arid } 

Bl= Bive (anio 2 

R.* CaciBration REStSTANCE 


100 K Ohms 
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DESCRIPTION: 


Repaired right hand gear side Channel 3A. 


CONSTANT : 
See section on Gear Calibration. 
6/A = 1.003 5/A- 
CHARACTERISTICS: 
TRANSDUCER ' 
Type - ABF-135 Strain Gages 
GALVANOMETER 
Type - 7-342 
Serial No. - 4946 
a Resistance - 348.6 Ohms 
Natural Frequency - 237.0 cps 
Damping - 0.628 
RECORDED t 


Oseillograph Channel 2-33 for Drop Test 
2-15 for Flight Test 
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RIGHT HAND GEAR NO. 16 SIDE CHANNEL 3 
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Recs 


R = Reo (+ earrcary) 

B = Biacn (- warreny) 

G = Gacen (anio 

Bt= Bive (arto 2 

R= Cat sORavion Resi STance 
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DESCRIPTION: 
Left hand main gear 10 vertical strain gage 
CONSTANT : 
See calibration of main gears section 
6/d = .9947 8/b 
CHARACTERISTICS: 
TRANSDUCER 
Type ~ ABF-15 strain gage 
QALVANOMETER 
Type - 7-342 
Serial No. - 4942 
Resistance - 352.0 Ohms 
Natural Frequency ~- 229.5 cps 
Damping - 9.595 
RECORDED : 


Oscillograph Channel 1-10 fo: Drop Test 
1-15 for Flight Test 
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LEFT HAND MAIN GEAR VERTICAL STRAIN GAGE 
CHANNEL 1 
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R= Reo (+ oarrcay) 


10¢C | B = Brack (~ satreay) 
K G = Gacen (ano | 
Ohns Bl= Bive (anio 2 
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PREPARtO BY H. D. Meriwether Movar 
rme dg. Loads Investigation neronr 40030 
oO 
DESCRIPTION: 


Left hand main gear 10 drag strain gage bridge 35. 
This transducer measures drag loads felt at the base 
of the piston. 
CONSTANT : 
See section on main gear calibration. 


5/O' = 1.010 5B/A 


CHARACTERISTICS: 
TRANSDUCER 
Type - ABF-13 Strain Gages 
GALVANOMETER 
] Type - 7-342 
Serial No. - 7379 
Resistance - 350.4 Ohms 
Natural Frequency - 226.5 cps 
Damping - 0.573 
RECORDED: 
Oscillograph Channel 1-14 for Drop Test 
1-18 for Flight Teat 
‘ 
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LH MAIN GEAR DRAG STRAIN GAGE 
CHANNEL 3 
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B = Brack (- earrcay) 
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tine Lg, Loads Investigation RePorr 
DESCRIPTION: 


5. thie transducer gas intended to eeasure bending 
woments induced by side loads. 
CONSTANT : 
See section on calibration. 
CHARACTERISTICS: 
TRANSDUCER 
Type - ABF 13 strain gages 
GALVANOMETER 
Type - 7-342 
Serial No. ~- 4662 for Drop Test 
Resistance - 552.0 Ohms 
Natural Frequency - 229.6 cps 
Damping - 0.600 
Serial No. - 5005 for Flight Test 


RECORDED : 


Oscillograph Channel 1-20 for Drop Test 
1-12 for Plight Test 
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MAIN LANDING GEAR CALIBRATION: 


Although both gears were calibrated statically, the set of 
equations used to determine loads was obtained from 2 dynamic 
calibration. 


The static calibrations were initially conducted without the 
lower mass accelerometer mounts. Subsequent to the test pro- 
gram conducted at NATC, Patuxent River, and the laboratory 
drop tests, it was determined that the presence of the ac- 
celerometer mounts materially affected the stress distribution 
in the area of the satrain gages and, hence, the equation con- 
stants. 


Both gears were drop tested three times in a colum drop jig 
in the 'as received' condition immediately after the flight 
test portion of the program, and the set of equations used 
to determine flight landing loads was obtained from this 
series, Comparison of the reaction platform load with the 
strut load ebtained using these equations is shown on Pages 
2.023, 2.024 and 2.025. Landing gear loads for the airplane 
drop test part of the program were derived from equations ob- 
tained in the same manner, Comparisen of loads using these 
equations is shown on Pages 2,026 through 2.031. Detailed 
discussion of this procedure follows: 


VERTICAL LOADS: 


Tne vertical load constants were obtained oy fitting 
coefficients to strain gage readings such that the co- 
efficients would produce tne vertical platform readings 
obtained during drop tests. 
Let the desired aquation form be set as 
V (A +Bs)x +(C+Ds)y 
where V= vertical load 
s = strut position 
X = vertical gage reading 
ily y drag gage reading 


A, B, ©, D = equation coefficients 
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VERTICAL LOADS: (Cont'd) 


Then the difference, d, between calculated vertical 
load and measured vertical load can be expressed as 


d = (A + Ba)x + (C + Ds)y - Vy 


Vy here represents the platform load minus the 
acceletation-induced load measured by the lower mass 
vertical accelerometer. The value of "d" was deter- 
mined every .002 second from the recdrds. 


When the summation of d@ is set to a minimum 
then the values of the coefficients that produce this 
condition produce the best fit, 


d@ = ((A + Bs)x + (C + Ds)y - Vy)? 


The values of A, B, C and D can be ebtained by set- 
ting the first partial derivatives of the equation 
with respect to each of the wnknewns equal to zero, 
A + Bs)x + (C + Ds ~ Vw)® =0 
pA 
etc. | 
After differentiating and re-arranging: 
A&x® + Bix@s + Cixy + Dixsy = = EVyx 
Atx®s + BE@s? + cixsy + Dixs@y = EVyxs 
Aixy + Bixsy + Ciy@ + DEsy2 = IVyy 
Alxsy + Bixs?y + CEsy* + pis*y2 = INysy 


The selution of these feur equatiens and feur unknomsa 
produced the values of the coefficients used. The for- 
mation and manipulation of these equations was handled 
by an IBM 7090 computer. In those cases where unreal- 
istic (but mathematically cerrect) values for the less 
important coefficients were obtained, a modification 
to the basic program was made to have the off-diagonal 
elements in the matrix solution converge about a diag- 
onal constant which was obtained either during the 
landing gear static calibration or during the investi- 
gation of the effect of the location of the accelero- 
meter mount. 
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VERTICAL LOADS: (cont'd) 
The values obtained by this process are: 
Flight Tests 
Left hand gear 10 
V =(42,500 + 90e)x +(100+95s )y 
Right hand gear 16 
V = (55495 - 425.48)x +(450+ 1103.98)y 
Airplane Drop Tests 
Left hand gear 10 
V = (43574.60 = 142.18)x + (-223.8+ 66.78)y 
Right hand gear 16 | 
V = (56995 + 337.2s)x + (1200-1018 )y 
The reason two sets of equations are necessary is that the 


accelerometer mount location had been altered between the 
two series of tests. 


DRAG LOADS: 


The drag load coefficients were obtained from drop tests 
that were oonducted with no wheel spin up and with the 
strut perpendicular to the deck, <A check of drag co~ 
efficients during the accelerometer mount investigation 
showed a nezligible change in value of the drag equation 
coefficients regardless of mount position, hence only the 
vertical coefficients were determined. The coefficients 
were then set to produce a minimum residual about zero. 


The values obtained by this process are: 
Flight Tests 
Left hand gear 10 
D = (670 + 1108)x-+ (4575 - 5Sa)y 
Right hand gear 16 
D = (2869.9 + 32.68)x +(8455.8 + 30.88)y 
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DRAG LOADS: (cont'd) 
Airplane Drop Tests 
left hand gear 10 
D = (983.3 - 99.18)x + (4575.0 - 5.0s)y 
Right hand gear 16 
D = (4800 - 145.38)x + (8455.8 + 30.88)y 


SIDE LOADS: 
left Hand Main Gear 10 


The piston instrumentation did not include side 

load measuring gazes. An attempt to calibrate for 
side loads was made by installing bending gages upon 
the main landing gear barrel. It was found that 
moments induced by vertical loads far overshadowed 
any moments induced by side leads, and the attempts 
at calibration were discontinued. 


Right Hand Main Gear 16 


Instrumanted mein gear No. 16 was used by NATC for 
catapult tests prior to the Landing Loads Program. 
During the catapult tests, both primary and secondary 
side load measuring channels became inoperative. Upon 
completion of the catapult teste and prior to the land- 
ing loads program, unsuccessful attempts were made to 
Salvage these channéls. As a last resort, a new strain 
gaze was substituted into the primary side load e¢hannel 
to replace the damaged gage and this channel was re- 
cerded during the flight test phase. After cempletion 
of the flight test phase, the landing gear was returned 
te the Contractor's El Segundo Facility where a calibra- 
tion of this channel was performed. The oalibration 
preved unsatisfactory due to the large amount of inter- 
action with vertical load. 
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Lower Massa Acceleretions . 


Acoeleromaters were installed at the lower end of 
the main landing gear to measure gear lower mass 
vertical (normal), drag (longitudinal), and side 
(lateral) accelerations. A photograph of the 
typical installation of the mount Zor the vertical 
and drag accelerations is shown on Page 2.113. 
Photographs of the installation for lateral ac- 
celeration of the left hanc gar appear on Pnuzes 
2,113 and 2.114 end for lateral acoeleration on 
the right hand gear appear on Page 2,126. 
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DESCRIPTION: 


Left hand gear lower mass vertical accelerometer. 
This transducer measures inertial loads felt at the 
shoek strut axle. 
CONSTANT : 
G's = 51.239 5/4 / 50 K Ohma Resistor Calib. 
CHARACTERISTICS: 
TRANSDUCER 
Type - Statham A6-100-350 
Serial No. - 3726 
Natural Prequency - 320 cps (no mount effect) 
Damping - 0.66 
GALVANOMETER 
Type - 7-342 
Serial No. - 4910 
Resistance - 342.4 Ohms 
Natural Prequency - 226.7 cps 
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DESCRIPTION! 


Left hand main gear lower mass drag accelero- 
meter. This transducer measures inertial loads 
felt at the shock strut axle centerline. 

CONSTANT: | 
G@ = 52.351 6/4 / 50 K Ohms Res. Salib. 
CHARACTERISTICS: 
TRANSDUCER 
Type - Statham A6-100-350 
Serial No. - 3748 


Natural Frequency - 265 cps (No mount effect 
measurements ) 


Damping - 0.77 
GALVANOMETER 

Type - 7-342 

Serial No. - 4971 

Resistance ~- 332.9 Ohms 


Natural Frequency - 224.0 cps 
Damping - 0.573 


R-— R-<_+ Battery 
y— y\_ a -Leg 


Black-Black -Battery 
inscription Face 


RECORDED 
Oscillograph Channel 1-13 for Dr Test 
taal j-17 for Plight Test 
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DESCRIPTION : 
Right hand gear lower mass vertical accelerometer. 
This transducer measures inertial loads felt at the 
Shock strut axle. 
CONSTANT: 
G's = 53.628 6/A/50K Ohms Resistor Calibration 
CHARACTERISTICS: 
TRANSDUCER 
Type - Statham A6-100-350 
Serial No. - 43762 
Natural Frequency - Acc., 288 cps / Mount, 5000 eps 
Damping - 0.86 
GALVANOMETER 
Type - 7-342 
Serial No. - 4022 
Resistance - 342.9 Ohms 
Natural Frequency -- 210.5 cps 
Damping - 0.578 
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DESCRIPTION: 


Ghia transducer measures inertial loads felt at the shock 
atrut axle, 
CONSTANT : 
G's = 67.203 6/A / 50K Ohms Resistor Calibration 
CHARACTERISTICS: 
TRANSDUCER 
Type - Statham A6-100-350 
Serial No. - 3593 
Natural Frequency - 340.0 ops 
Damping - 0.50 
GALVANOMETER 
Type - 7-342 
Serial No. - 3706 
Resistance - 345.9 Ohms 
Natural Frequency - 217.8 cps 
Damping - 0.613 
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DESCRIPTION: 


Right hand main gear lower mass lateral accelero- 
meter. This transducer measures accelerations at aircraft 
stations X = 38.0, Y = 265.7; and Z = ~91.4, 


CONSTANT: 


G's = 39.700 6/A / 50K Ohms Resistor Calibration 
(up scale, mass inboard) 


CHARACTERISTICS : 
TRANSDUCER | 
Type - Statham A6-50-350 
Serial No. - 3575 
Natural Frequency - 294.0 cps, Mount 745.4 cps 
Damping - 0.46, Mount 0,060 
GALVANOMETER 
Type - 7-342 
Sertal No. - 5021 
Resistance - 458.6 Ohms 
Natural Frequency - 222,6 cps 
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CALIBRATION DATE ccecceeel2/23/60 


VOLTAGE CALIBRATION FACTORS SHUNT CALIBRATION FACTORS 
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030000 O02 ,.19338 00 el9 -213131 900 -e13 031137 -0} 
¢40000 02 4144743 00 o1l4 -264613 -01 =206 040060 ~0) 
050000 02 ,.54217 ~0) 205 054217 -01 905 054217 -01 
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TITLE REPORT 


Upper Mass Accelerations 


Accelerometers were installed on the upper 
portion of the landing gear barrel to measure 
vertical and drag accelerations. A photo- 
graph of the installation of the accelerometers 
on the right hand gear is shown on Page 2.206, 
The installation of the accelerometers on the 
left hand gear is shown on Page 2.215. 
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DESCRIPTION: 


Right hand main gear upper mass vertical acceler- 
ometer., This transducer measures accelerations at 
aircraft station X = 40, Y = 263.4, and Z = -43.8. 


CONSTANT; 


G's = 19.433 8/A / 50K Ohms Reststor Calibration 
(up scale, mass down) 


CHARACTERISTICS: 


TRANSDUCER 
Type - Statham A§3A-50-380 
Serlal No. - 3024 
Natural Frequency - 720 cps, Mount 987.9 cps 
Damping ~ 1.00, Mount 0,009 

GALVANOMETER 
Type - 7-342 
Serial No. - 7243 
Resistance - 495.3 Ohimga 


Natural Frequency - e19.¢ cps 


Damping - 0.512 
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RIGHT HAND UPPER MASS VERTICAL ACCELEROMETER 


eh ae 


a ee 


~Battery Red 
+Batte Green 


Calibrate 


Terminal 
End 
Accel. label faces aft 


RECORDED : 


Oscillograph Channel 2-29 for Drop Test 
1-32 for Flight Test 
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TRANSDUCER NESCRIPTIONe eo STHM ASA~50-380 ACCLeDR 1.200 PROGRAM FOO4 


NOMINAL RANGE escceccceees +750 ANALYST _ 
DIMENSTONS goes oeseceeeetio aJ,,= 7Z0 ENGR e oe Bee ia 
PERCENT UNRALANCE aectees «90 v7 
PRIDCE VOL TSecgeceseccene 5 1 
CHANNEL NUMBER eee ecnccve 03 
RUN NUMBER eg eccccesescees 1 
CALIBRATION DATE eocseeesl 2/23/60 
VOLTAGE CALIARATION FACTORS SHUNT CALIBRATION FACTORS 
RMS SLOPE -—.97950 01 GS JMV/V LEG CAL<PIP FQUIVALENT 
Si<-CP ~219377 O2 GS / 5OK 
1/7RMS SLOPE -~.10209 00 MV/V/ GS G1-TP 019587 02 
G2-TP___. Se ee 
RMS INTERCEPT 2.52067 O02 GS 2~CP o\94 02 
LOAD UP=-SCALF UP-SCALE DOWN-SCALF DOWN=-SCALE AVERAGE 
DEVIATION PERCENT DEVIATION PERCENT DEVIATION 
DEVIATION DEVIATION 
~950000 O02 -,48237 -01 ~~04 -~248?37 -01 ~ 205 ~048237 -01 
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DESCRIPTION: 

Right hand gear upper mass longitudinal accelero- 
meter. This transducer measures accelerations at aircraft 
stations X = 40.0, Y = 263.6, and Z = ~43.0. 

CONSTANT: 


G's = 12.095 65/A / 50K Ohms Resistor Calibration 
(up scale, mass aft) 


CHARACTERISTICS: 
TRANSDUCER 
Type - Statham A5A-30-350 
Serial No. - 3901 


Natural Frequency - 420 cps 
No mount effects 


Damping - 1,05 measurable, 
GALVANOMETER 
Type - 7-342 


serial No. - 7317 

Resistance - 349.6 Ohms 
Natural Frequency - 225.1 cps 
Damping ~ 0.574 
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001 sec/em 
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RIGHT HAND UPPER MASS LONGITUDINAL ACOBLEROMETER 
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y \ Ni ___abattery Red 
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* Calibrate 
eee Black 
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Accel. label faces down 
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Osclllograph Channel 2-31 for Drop Test 
1-34 for Flight Test 
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Oars Paes fei 

Pacraneo ay _H. Meriwether Moog. 

Tins —__Ldg. Loads Investigation reroar 40636 _ 
DESCRIPTION: 


Left hand main gear upper mass vertical 
accelerometer. Aircraft station X = -40.0, 
Y = 263.4, Z = -43.8, gear extended. 
CONSTANT: 


G's = 18.532 8/A / 50 K Ohms Resis. Calib. 
up scale, wass down 


CHARACTERISTICS: 

TRANSDUCER 
Type - Statham A5A-50-380 
Serial No. - 3022 
Natural Frequency - 680 cps,, mount 833.9 ops 
Damping - 0.90, mount 0.0075 

GALVANOMETER 
Type - 7-342 
Serial No, ~ 7320 (Drop Tests and Flight Test Landings 

136 through 209)3 7275 (Landings 1 through 137) 

Resistance - 403.2 Ohms 
Natural Frequency - 225.6 cps 


Damping - 0,520 
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LEFT HAND UPPER MASS VERTICAL ACCELEROMETER 
yf er 
-Battery Red 
+Battery Green 
Base Dow Gives Calibrate 


Down Scale Black 


RECORDED ¢ 


Oscillograph Channel 1-33 for Drop Test 
1-31 for Flight Test 
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2 ' NOMINAL RANGE coe ecccvecece 1 * 0 ANALYST 
; DIMENSTONS sc cccccecconvesi: Gn? CBO ENGR. A: de 
PERCENT. UNBALANCE eoecese 290 ae Ag 
; | BRIOGE VOL TSeececcesvenee | 5 . 
: ; CHANNEL NUMBER eesescuses 03 
, | RUN NUMBER pg ecccoeceseces i 
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VOLTAGE CALIBRATION FACTORS SHUNT CALIBRATION FACTORS : 
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DESCRIPTION: 


Left hand main gear upper mass longitudinal 
accelerometer. Aicraft stations X = -40.0, Y = 
263.6, Z = ~43,0,. 

CONSTANT: 


G's = 11.84 6/A / 50 K Ohms Resis. Calib. 
Up scale, mass aft 


CHARACTERISTICS: 
TRANSDUCER 
Type - Statham A5A-30-350 
Serial No. ~ 3899 


Natural Frequency - 530 cps no measureable mount 


effect 
Damping - 1,50 
GALVANOMETER 
Type - 7-342 


Serial No. ~ 7456 
Resistance - 370.5 Ohns 


Natural Frequency - 217.0 cps 


Damping - 0.578 
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Accel. label faces down 
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Oscillograph Channel 1-34 for Drop Test 
1-33 for Flight Test 
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Wheel Position 


Magnetic pick-ups were installed on the wheel 
brake assembly as shown on Pages 2.303 and 
2.305. Metal nail heads were attached to the 
wheel rim, 10 degrees apart, and passage of 
these nail heads past the pick-up produced 
blips on the osoiliograph trace. 
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DESCRIPTION : 

Right hand wheel position pickup. This transducer 
measures wheel angular position with respect to the gear 
axle ¢. 

CONSTANT : 
36 PIPS/Rev. 
CHARACTERISTICS : 
TRANSDUCER 

Type - Electro 3010A 
GALVANOMETER DROP TESTS . FLIGHT TESTS 

Type - 7-326 7-323 

, Serial No. - 50D | 9298 
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Osclliograph Channel 2-17 for Drop Test 
2-19 for Flight Test 
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DESCRIPTION: 
left hand wheel position pickup. This transducer 
measures wheel angular position with respect to the gear 
axle gq, 
CONSTANT: 
36 PIPS/Rev. 
CHARACTERISTICS: 
TRANS DUCER 


Type ~- Electro 3010A 


GALVANOMETER 
DROP TESTS FLIGHT TESTS 
Type - 7-326 7-323 


, Serial No. - 539DD. 8548 


Osoillograph Channel 2-18 for Drop Test 
2-32 for Flight Test 
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DESCRIPTION: 
Left hand wheel pesition pickup. This trans- 


ducer measures wheel angular position with respect 
to the gear axle centerline. See DAC drawing 22542 


for mounting details. 
CONSTANT : 
36 Pips Rev. 
CHARACTERISTICS: 
TRANSDUCER 
Type - Electro 3010A 


GALVANOME TER 
DROP TESTS. FLIGHT TESTS 
Type - 7-326 7-323 


Serial No. - 7055 14153 


C } 
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A] Oscillograph Channel 1-15 for Drop Test 
1-35 for Flight Test 
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Strut Positions 


The main landing gear strut positions were 
measured with a slide wire pesition trans~- 
mitter of Douglas Aircraft Company design, 
shown on Pages 2.406 through 2.410. Pheto- 
graphs of installations on the airplane are 
shown on Pages 2.411 and 2.412. A special 
calibration circuit and coentrel box was used 
for the strut position transmitters, 
schematic of this circuit appears on Page 
2.413 and a photograph of the control bex 
is shown on Page 2.414, 


pre DOUGLAS AIRCRAFT COMPANY, INC. 
@ & .1tKe DATE Pace (4 A 
Prepanso My He D. Meriwether MOOEL 


tire Lig. Loads Investigation REPort 


DESCRIPTION: 


Right hand main gear strut position. This transducer 
measures relative displacement of the piston and cylinder, 


CONSTANT 
Inches = 16.0 8/A / Pot Setting (fixed) 
CHARACTERISTICS : 
TRANSDUCER - DAC Design ES 2621 
Type - Slide Wire 
GALVANOMETER 
Type - 7-324 
Serial No. ~ 6056 
Resistance - 79.55 Ohms 
Natural Frequency - 299.0 cps 
Damping - 0.538 


RECORDED : 


Oscillograph Channel 2-6 for Drop Test 
2-17 for Flight Test 
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DESCRIPTION : 
This transducer measures the position of the 


att bane strut. . 
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CONSTANT : 
Streke = 16.0 6/A 
CHARACTERISTICS : 
TRANSDUCER 
Type - DAC Drawings 2617, 2618, 2619, 2620 and 2621 


GALVANOMETER 
Type - CEC 7-324 
Serial No. - 6234 


Resistance - Galvo sees 80.15 ohms 


er 


Natural Frequency - 297.0 cps 
Damping - H = 0.485 


RECORDED 3 


Oscillograph Channel 1-6 for Drop Test 
2-30 for Flight Test 
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Strut Velecity 


The collapse rate of tne main landing gear 

strut was measured with a Sanborn magnetic 

type transducer. A photograph of the instal- 
lation on the airplane is shown on Page 2.420. 

A special calibration cireult and control box 
were used for the transducers. A schematic and 
photograph of the circuit and control box appear 
on Pages 2.421 and 2.422 respectively. A typical 
osclllograph record of a calibration of a velocity 
generator and rasulting data are shown on Fages 
2.423 through 2.433. 


A comparison of various types of velocity measur- 
ing devices is showm on Pages 2.434 and 2.435. 
The wiring diagram used with the Kolls:man 
velocity generator is shown on Page 2.436, 

This device was received with landing gear No. 
10, but was not utilized for the Douglas Air- 
craft Company program. 
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DESCRIPTION: . 


Right hand main gear strut velocity. This trans- 
eotaee relative velocity between the piston and 
CONSTANT: 
Ft/Sec. = 21.34 6/A / 65K Ohms Resistor Calibratian 
CHARACTERISTICS : 
TRANSDUCER 
Type - Sanborn 10 LV 17-X1 
Serial No. - I-7327 
GALVANOMETER 
Type - 7-342 
Serial No. - 4555 
Resistance - 364.2 Ohms 
Natural Frequency - 220.1 cps 
Damping - 0.506 


RECORDED 
Oscillograph Channel 2-7 for Drop Test 
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" BRBORIPTION: 
This transducer weasures the left hand oleo 
Be iGineG ana, Sea See photographs 
CONSTANT : 
Velocity (FPS) = 21.73 6/4 
CHARACTERISTICS t 
TRANSDUCER ~- Sanborn LVayn 
Type - 10 LV 17-X1 
Serial No. - 2 
Stroke - 22 inches 
Working Range ~ 20.5 inohes 
GALVANOMETER - CEC 
Type - 7-342 
Serial No. 5097 
Resistance - Galvo sees 350.9 Ohms 
Natural Frequency - 201.2 cps 
Damping - H = 0.579 
RECORDED: 
Oscillograph channel 1-7 for drop test 
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KOLLSMAN VELOCITY GENERATOR 
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_ To C.E.C. 3 XC Carrier Ampli- 
p fier, Type 1-1138 
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: | C.E.C, Oscillator Power 
, | (et lace ae Supply, Type 2-105A 
] i 
. GREEN e Pin 2 
| YELLOW 
°* Pin 3 
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1. 1000 ops gaivanometer C.E.C. Type 7-323 used. 


2. Reference phase slot was adjuated for maximum 
output. 


>. 4 arm bridge operation used. 


4, No calibration taken - readings compared to 
one inch on oscillograph trace. 
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Metering Chamber Pressure 


Pressure transducers were installed in 

the main landing struts to measure oil 

pressure at the base of the metering 

pin support. Photographs of the 

eg appear on Pages 2.509 and 
os. 


The right gear metering chamber pressure 
transducer was inoperative during the 
flight test phase due to an open circuit. 
Repair was not attempted due to the dif- 
ficulty in removing the transducer. 
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the metering pin support. 
CONSTANT: 
P.S.I. = 4415 6/A + 39.7 / 250K OQ Resistor Calibration 
CHARACTERISTICS : 
TRANSDUCER 
Type ~ DAC Design E.g. 12951 
Serial No. - 7B 
GALVANOMETER 
Type - 7-342 
Serial No. - 4438 
Resistance - 350.4 Ohms 
Natural Prequency - 223.0 cps 
Damping - 0.619 
RECORDED: 


Oscillograph channel 2-9 for Drop Test 
Inoperative for Flight Teat 
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DESCRIPTION: 


Left Hand Main Gear Metering Chamber Pressure. 
This transducer measures the hydraulic pressure in 
the oleo strut metering chamber, 
CONSTANT: 


Drops 1 through 14 ~ PSI = 4406 6/4 + 39.7 for 250 K Ohm 
Calibrating Resistor 


Drops 15 and Subs. ~ PSI = 4358 8/A + 39.7 for 250 K Ohm 
Calibrating Resistor 


CHARACTERISTICS: 

TRANSDUCER 
Type - DAC Design ES 12951 
Serial No. - 8A 
Natural Frequency - Approx. 500 cps 

GALVANOMETER 
Type - CEC 7-342 
Serial No. - 4915 
Resistance ~ Galvo sees 551.2 
Natural Frequency - 220.0 
Damping - H = 0.599 


RECORDED 3 


dp | Oscillograph Channel 1-9 for Drep Test 
| 1-16 for Flight Test 
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CALIBRATION OF L. H. MAIN GEAR OIL PRESSURE PICKUP NO. 8A 


CALIBRATE BETWEEN RED AND GREEN LEADS 
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CHANNEL RESPONSE IN MILLIVOLTS 
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Rebound Chamber Pressure 


A pressure transducer was installed on 
the left main landing gear to measure 
pressure between the piston and the 
varrei. <A photograph of the instal- 
lation is show on Page 2.514, 


This instrumentation was net installed 
during the Flight Test phase and was 
used only during the drop test phase 
of the pregran. 
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tm L4g, Loads Investigation nevoar 40030 
DESCRIPTION: 


Left hand gear shock strut rebound chamber 
pressure. This transducer measures the pressure 
between the main gear piston and barrel. 

CONSTANT! 
PSI = 5640 6/a + 39.7 / 250 K Ohms Resis, Calib. 
CHARACTERISTICS: 
TRANSDUCER 

Type - DAC Drawing 1251] 

Serial No. - 11 5B 

Natural Frequency - No measurable resonance effects 
GALVANOMETER 

Type - 74342 

Serial No. - 7275 

Resistance - 352.4 Ohms 


Natural Frequency - 231.3 cps 


Damping - 0.588 
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Air Chamber Pressure 


Pressure transducers were installed to 
measure air pressure at the top of the 
orifice support tube. A photograph of 
the installation on the left main gear 
is shown on Page 2.524. The components 
for the air chamber pressure pickup are 
shown in the photograph on Page 2.525. 
The drawings for the pressure pickup 
and the special fittings are shown on 
Pages 2.526, 2.527, and 2.528. 
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DESCRIPTION: 


This transducer measures air pressure at the 
top of the orifice support tube, right gear, 


CONSTANT: 
PSI = 3850 6/4 / 50 K Ohms Res. Calib. 
CHARACTERISTICS: 
TRANSDUCER 
Type - DAC Design ES 12951 
Serial No. - 12A 
Natural Frequency - Approx. 500 cps 
GALVANOME TER 


DROP TESTS FLIGHT TESTS 
Type - 7-539 7-342 
Serial No. - 12849 4678 


Resistance - 352.2a@ Ohms 
Natural Frequency - 51.0 cps 
Damping - 0.617 
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Osoillograph Channel 2-4 for Drop Test 
2-34 for Flight Teat 
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CALIBRATION OF R. H. MAIN GEAR AIR PRESSURE PICKUP NO. 12A 


CALIBRATE BETWEEN RED AND GREEN LEADS 


GAGE LOT NUMBER 


CHANNEL TITLE 
CHANNEL NUMBER 1 Ease 
GAGE TYPE AB-13 Ca 
GAGE RESISTANCE | 350 f | 
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Tine udg. Loads Investigation Rerory 10030 _ 
DESCRIPTION: 


Left Hand Strut Air Chamber Pressure Pick-up. 
This transducer measures the air pressure at the 
vou of the orifice support tube. See paneer 
1 


26 and 201344 and drawings 13868 and 13869. 
CONSTANT: 
PSI = 3942 6/4 + 39.7 for 250 K Ohm Calibrating 
Resistor 
CHARACTERISTICS: 
TRANSDUCER 
Type - DAC Drawing 12951 
Serial No. - 2A 
Naturul Frequency - Approximately 500 cps 
GALVANOMETER FLIGHT TEST LDGS, 
ee ee DROP TES 1-72 73-209 . 
Type - 7-559 7-342 7-339 
Serial No. - 10448 HOY2 10398 


Resistance ~ Galvo sees 352.3 ohms 
Natural Frequency - 50.4 cps 
Damping ~ H = 0.019 
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Dreg Brace Axial Loads 


Strain gages were placed on the main 
landing gear drag braces to measure 
tension and compression loads. A 
photograph of the installation on 
the left hand main landing gear is 
shown on Page 2.614, 
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DESCRIPTION : 


Right hand gear drag brace. This transducer 
measures axial load in the right hand gear drag brace. 


CONSTANT : | 
Tension = 57626 6/A/ 50K Ohms Resistor Calibretion 
Compression = 57638 6/A / 50K Ohms Resistor Calibration 

CHARACTERISTICS: 

TRANS DUCER 
| Type - ABP 13 Strain Gages 
GALVANOMETER 
Type - 7-342 
Serial No. - 7258 
Resistance - 346.8 Ohms 
Natural Prequenscy - 230.7 cps 
Damping - 0.578 
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‘DESCRIPTION: 


Left hand gear drag brace.. This transducer 
measures axial ioad in the left hand gear drag brace. 


CONSTANT ¢ 
Tensien Lbs. = 56970 8/A / 50 K Ohms Res. Calib. 
Compression Lbs. = 56777 3/4 / 50 K Ohms Res. Calib. 
CHARAOTERISTIOS: | 
TRANSDUCER 
Type - ABF-13 Strain Gages 
Type - 7-342 
Serial No. - 7294 
“Resistance - 358.7 Ohms 
Natural Prequensy - 221.5 ops ’ 
Damping - 0.545 
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DESCRIPTION : 


Left hand gear drag brace. This transducer measures 
axial load in the left hand gear drag brace. 


CONSTANT : 
| Tension Lbs = 57243 6/A / 50K Ohms Resistor Calibration 


Compression Lys® = 56775 5/A/S50K Ohms Resistor 
Calibration 


CHARACTERISTICS: 

TRANSDUCER 
Type - ABP-13 Strain Gages 

GALVANOMETER - 

{> Type - 7-342 
Serial No. - #706 
' Resistance - 346.8 ohms 

Natural FPrequency - 230.7 aps 
Damping - 0.580 
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Osoillograph channel 1-19 for Drop Test 
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Nese Landing Gear 


The nose landing gear was instrumented to 
measure strut position and upper mass normal 
acceleration, 


Pages 3.001 througn 3.008 disouss the strut 
position instrumentation. The strut position 
was measured with a slide wire device fabrica- 
ted from drawings shown tn Pages 3.005 through 
3.008, A photograph of the installation ape 
pears on Page 3,004, 


Pages 3.009 through 35.013 discuss the upper 
mass normal acceleration, A phetegraph ef 
the installation is shown on Page 3.013. 
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DESCRIPTION : 

Nose gear strut position. This transducer 
measures relative displacement between the nose 
gear shock strut and barrel. 

CONSTANT : 
Inches = 16.0 5/4 / Pot setting (fixed) 
CHARACTERISTICS : 
TRANSDUCER 

Type - DAC design ES 2621 
GALVANOMETER 

Type - 7-324 

Serial No. - 6225 

Resistance - 78.95 Ohms 


Ye 


Natural Frequency - 312.5 cps 
Damping - 0.572 
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Oscillograph Channel 1-23 for Drop Test 
2-25 fer Flight Test 
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DESCRIPTION: 


Nose gear upper mass vertical accelerometer. 
This transducer measures accelerations at air- 
craft stations X = 0.0, Y = 127.0 and Z = -39.1. 
CONSTANT : 


GQ's = 11.484 6/4 / 50 K Ohms Resis. Calib. 
up scale - mass up) 


CHARACTERISTICS; 
TRANSDUCER 
Type - A5A-350-550 
Serial No. - 3917 
Natural Frequency - 382.0 cps 
no measurable supporting 
Damping - 0.88 structure resonance 
GALVANOMETER 
Type - 7-542 
Serial No. - 4961 
Resistance - 350.8 
Natural Frequency - 228.4 cps 
Damping - 0.600 
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Oscill°graph Channel 4-2 for Drop, Test 
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AIRPLANE CENTER OF GRAVITY 


Accelerometers, an attitude gyro, and a roll rate gyro 
were installed at or near the airplane center of gravity 
to measure the vertical and longitudinal accelerations, 
the pitch and roll angles, and the roll rate experienced 
by the airplane. ; 


Accelerations at Center of Gravity 


Pages 4,002 through 4,011 discuss the 
accelerometer inatalletions. Two ac- 
celerometers were oriented to measure 
normal acceleration, one for low range 
and one for high range. A third aa- 
celerometer was installed to measure 
longitudinal acceleration. These ac- 
Celeronmeters were mounted parallel and 
perpendicular to the fuselage reference 
plane. The accelerometer installations 
in the drop test airplane and in the 
flight test airplane are shown in the 
photocraphs on Pages 4.012 and 4.013% 
respectively. 


Ce | 


DOUGLAS AIRCRAFT COMPANY, INC. 


Dares —° Pact 00% 
Paceanzco By __H,. D, Meriwether MoogL = 
Tine _Ldg. Loads Investigation Rarort 
DESCRIPTION: 
C.G. normal accelerometer, low range. 
This transducer measures accelerations at air- 
oraft stations X = 0.0, Y = 220.4 and Z = -€4.3. 
CONSTANT: 
G's = .6117 5/4 / 50 K Ohms Resis. Calib. 
up scale, mass down 
CHARACTERISTICS: 
TRANSDUCER - 
Type - Statham AJ26A-~-1-350 
Serial No. - 3531 
Natural Frequency - Mount 546.6 cps 
Damping - Mount 0.08 
GALVANOMETER 
DHOP ‘TES FLIGHT TEST 
Type - 7-312 7-342 


Serial No. - 5768 Yghs 
Resistance - 357.7 Ohms 

Natural Frequency - 110.6 cps 

Damping - 0.558 
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RECORDED; 
Oscillopraph Channel 1-27 for prop ‘Tes 
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DESCRIPTION: 


10 GC.G. normal accelerometer, This transducer 
measures accelerations at aircraft stations X ~ 0.0, 
Y = 221.3, Z = #21,.6, 


CONSTANT 


Q's = 7.86 9, /50 K Ohms Resis, Calib. 
Up scale, mass down 


CHARACTERISTICS: 
TRANSDUCER ~ 
Type - Statham AJ43A-10-350 
Serial No. - 728 


Natural Frequency - 120.0 cps no mount resonance 
noticeable 


Damping - 0.78 
GALVANOMETER 

Type = 7-342 
Serial No. - 4973 
Resistance - 357.7 Ohms 
Natural Frequency - 215.9 cps 
Damping - 0,601 

RECORDED: 


Seonsseerene Channel 1-31 for Drop Test 
2-13 for Flight Test 
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DESCRIPTION? 
0.2. longitudinal accelerometer. This transducer 
oon ee oa at aircraft stations X = 0,0, 
CONSTANT! 
G's = ,5488 5/, /50 K Ohms Resis, Calib, Up scale, mass aft 
GHARACTERISTIOS: 
TRANSDUCER 
Type - Statham D-06~350 
Serial No, = 4 
Natural Frequency ~ Mount 494.8 ops 
Damping ~- Mount 0,015 
GALVANOMETER 
Type + 7-312 
Serial No. - 8097 
Resistance ~ 364.9 Ohms 
Natural Frequency - 106.9 ops 
Damping - 0,523 
RECORDED! 
Osolllograph Channel 1-29 for Drop Test 
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DOUGLAS AIRCRAFT COMPANY, INC. 
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TITLE 


ie 


DESCRIPTION 


Measures longitudinal acceleration at airplane 
center of gravity. 


CONSTANT t 
0.573 G's/50 K 
CHARACTERISTICS: 


TRANSDUCER 
‘type Statham AJ26-1-350 
Serial No. 420 
GALVANOMETER 
Type CEC 7-342 
Serial No. 5033 
RECORDED: 


Osclllograph Channel 2-12 for Flight Test 
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pom t are S.A DOUGLAS AIRCRAFT COMPANY, INC. pace: 4.012 


PREPARED BY: 


DATE A 4D-2 = 
CHECKED BY: 5 se 
nmu:______LANDING “LOADS INVESTIGATION _reronr wo. 40636. 


+URM 1. B25 5S tA 
{3 $2) 


earners __ DOUGLAS AIRCRAFT COMPANY, INC. ce, 4,018 


MODEL: A4D-2 | 


CHECKED BY: 


ta ep ite tbediae 


rebates 


FORM ay.9-1 DOUGLAS AIRCRAFT COMPANY, INC 


1 $8 Q) : 
@ 8 Lite Dare PAGE & 
Prepaneo Oy 1. ka. Harris. Moos. 
tine —Lag, Laada Investigation RePont 
a> ; 


Airplane Pitch and Roll Angles 


Pages 4,102 through 4.119 discuss the 
attitude gyro installation used to 

measure airplane pitch and roll angles. 

The installations in the drop test air- 
plane and in the flight test airplane are 
weet in the photographs on Pages 4.123 and 


Airplane Rate of Roll 


Pages 4.120 through 4.122 discuss the 

rate of rell gyro installation. The rate 

of rell gyro was installed for the flight 
test phase only. A photegraph ef the instal- 
lation appears on Page 4,124. 
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DESCRIPTION: 
Lr ere asa eee eee, 
to the horizontal. 
CONSTANT : 
Degrees = 3,534 5/a / 500K Ohms Resistor Calibretion 
CHARACTERISTICS : 
TRANSDUCER 
Type - Gyro DIG 7044A62 
Serial No. - whos} 
GALVANOMETER 
2 Type - 7-339 
Serial No. - 13213 


20 K Ohms 
Limiter 
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Oscillograph Channel 2-28 fer Drep Test 
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DESCRIPTION: 
Aircraft pitch attitude gyro. 
CONSTANT : 
Degrees = 3,595 8/4 / 500 K Ohms Resis. Calib. 
Drop 8, Degrees = 2.26 6/A / 500 K Ohms Resis. Calib. 
CHARACTERISTICS: 
TRANSDUCER 
Type - D JG 7O44A62 
Serial No. - N 4083 
GALVANOME TER 
Type - 7-339 
Serial No. - 11784 


a Tes 350 350 
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1, #0 K Ohms 

; Limiter 

RECORDED : 


his Owcillograph Channel 1-28 ror Drop Test 
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TITLE 


DESCRIPTION: 


Measures airplane attitude angle, airplane 
fuselage reference line with respect to a 
horizental plane. 


CONSTANT: 
5.20 deg/500 K Landings 1 through 72 
5.16 deg/500 K Landings 73 through 209 
DESCRIPTION: 
TRANSDUCER 
Type DIG 7O44A52 


Serial No. 1873 Landings 1 through 72 
Landings 73 through 209 


GALVANOMETER 
Type CEC 7+339 
Serial No. 11784 
RECORDED: 


Osclllograph Channel 2-10 for Flight Test 
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DESCRIPTION : 


Alreraft roll attitude gyro. 
CONSTANT : 
Degrees = 11.09 65/A / 500 K Ohma Resis. Calib. 
CHARACTERISTICS : 
TRANSDUCER 
Type - DJG 7044 A 62 
Serial No. - N 4083 
GALVANOMETER : 
Type - 7-339 
Serial No. - 11827 


RECORDED 3 
Oscillograph Channel 1-30 fer Drep Test 
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DOUGLAS AIRCRAFT COMPANY, INC. 


PREPAREO By _hbe BE. Harris 
. tne edge Leads Investigatien 


DESCRIPTION: 


Measures airplane roll attitude. 


CONSTANTS 
7.16 deg/S00 K 


10.95 deg/500 K 
CHARACTERISTICS: 
TRANSDUCER 
Type 
Serial No. 


GALVANOMETER 
Type 
Serial No. 


REGORDED 


Landings 1 through 72 
L ndings 73 through 209 


DIG 7044 A62 


1873 Landings 1 through 72 
4083 Landings 73 threugh 209 


CZC 7+339 
11827 


Oseillograph Channel 2-9 for Flight Test 
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nee oe pace 4100 
PREPARE BY TE. Harris tion Moon. __A4Do2 
tie 1g. Leads Investigation _ Reeort . 40636 — 

DESCRIPTION: 


Measures airplane rolling velecity. 


CONSTANT? 
31.3 deg/sec/50 K 


CHARACTERISTICS: 


TRANSDUCER 
Type JUT7TOO5A*+7 Rate Gyro 
Serial No. 4425 
GALVAMOMETER 
Type CEC 7-315 
Serial No. 9562 
RECORDED: 


Oacilliegraph Channel 2-20 for Flight Test 
(Not recorded for the drop test phase) 
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Wing Tip Accelerations 


Accelerometers were installed in each wing 
tip on the closing rib of the structure to 
measure normal acceleration. Photographs of 
the installations appear on Pages 5.010 and 
5,011 as installed for the drep test phase 
and on Pages 5.012 and 5.013 as installed for 
the flight test phase of the progras, 
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DESCRIPTION: 


Right hand wing tip accelerometer, This transducer 
measures vertical accelerations in a plane perpendicular 
to the fuselage reference line. Accelerometer located at 

= 151.4, Y = 303.3, and Z = -24,1, 


CONSTANT? 


G's = 38,07 9/4 (up scale, mass down) 
CHARACTERISTICS 1 


TRANSDUCER 
Type - Statham A6A-50-350 
Serial No. - 2642 


Natural Frequency - Accl. = 245.03,Mount - many, but 
predominant at 135 and 170 cps, 


Dauping = 0,68 

QALVANOMISTER 
Type - 7-342 
Serial No. - 7328 
Resistance = 335.3 Ohns 
Natural Frequency - 226.5 cps 
Damping = 0,607 ’ 
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TRANSDUCER CALIBKATION 


CAL) ORATION PRNR Tt FUENT TEST PAASE 


TRANSDUCER DESCRIPTIONs e STATHAM AGA=50=350 ACCEL 
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DESCRIPTION: 


Left hand wing tip accelerometer, This transducer 
measures vertical accelerations in a plane perpendicular 
to the fuselage reference line. The accelerometer loca- 
tion is X= -151.4, Y= 302.0, Z2= -24.1. 


CONSTANT 8 
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Q's = 37.47 3/5 (up scale, mass down) 
CHARACTERISTICS: | 
TRANSDUCER 

Type - Statham A6A-50-350 

Serial No, - 2648 

Natural Frequency ~- Accel., 302 aUee Mount - many, but 
predominant at G20 cps with 
damping of 0.108 

Damping - 0.53 

\ GALVANOMETER 

Type - 7-342 

Serial No, - 7343 

Resistance - 336.6 Ohms 


Natural Frequency - 230.7 cps, Damping - 0.615 
RECORDED 3 


Oscillograph Channel 2-27 for Drop Test 
1-27 for Flight Test 
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RIGHT HAND WING TIP ACCELEROMETER INSTALLATION——FLIGHT TEST 
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lea Sa TE PAGE 6.00 | 
Titte LOR oads Investigation bans hO636 | 


External Fuel Tanks Asoelerations 


Accelerometers were installed on two 150 
zallon external fuel tanks as shown in 

the sketch on Page 6.023. The accelerometers 
wore aligned to measure acceleration per- 
pendiculer and parallel to the airplane fuse- 
lage reference planes. The accelerometers 
were held in place with straps and the align- 
ment with respect to the fuselage reference 
plane was achieved by using spacers con- 
toured to the tank as seen in the photo- 
graphe on Pages 6.024 and 5.025. These 

tanks were mounted at Sta. 75.00 (left and 
right) on the airplane for the flight test 
phase only. 


The accelerations were measured for landings 
138 through 156 only. 


Fhotegraphs of tne external tanks with the 
accelerometers inatalled are shown on Pages 
6,024 and 6.025, 
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Measures left external fuel tank longitudinal ac- 
celeration at the center of gravity of the tank 
(Tank Sta. 76.5). 
CONSTANT 1 
7.909 u'a/50 K 
CHARACTERISTICS: 
TRANSDUCER ~ 
Type ~- Statham AJ43-+10-350 
Serial No. - 813 
Natural Frequency ~ 110 cps 
Damping Ratio - 0,90 
QALVANOMETER 
Type - CEC 7-342 
Serial No. = 5021 
Natural Frequency - 222.5 
Demping - 0,586 
RECORDED: 
Oscilllograpn Channel 2-27 for Flight Test 
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DESCRIPTION t 


Measures left fuel tank lateral acceleration at 
the ferward end at Tank Sta, 38,0. 


CONSTANT: 
7.583 G'8/50 K 
RACTERISTICS: 
TRANSDUCER 
Type + Statham AJ43-10 
Serial No. - 1606 
Natural Frequency - 116 ops 
Damping Ratio ~ 0.68 
GALVANOMETER 
! Type - CEC 7-342 
Serial No. = 4888 
RECORDED s 
- Qsotllograph Channel 1-2 for Flight Test 
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Measures right external fuel tank lateral ac- 
celeration at forward end at Tank Sta. 38.0. 
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Damping Ratio - 0.80 
GALVANO. 
Type - CEC 7-342 
Serial No, ~ 4958 
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Oscillograph Channel 1-3 for Flight Test 
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DESCRIPTION 


Measures left external fuel tank lateral acceleration 
at aft end at Tank Sta, 122.3. 


SONSTANT: 
7.149 G's/S50 K 
CHARACTERISTICS s 
TRANSDUCER ; 
Type - Statham F-10~-350 
Serial Wo. - 1905 
Natural Frequency - 85 ops 
. Damping Ratio - 0.66 
' 7 ae GALVANOMETER 
| Type - 7-342 
Serial No. + 6173 
RECORDED: 
Oscillograph Channel 1-4 fer Flight Test 
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Prerana By Harris 
TITLE A & & Inves & on 


DESCRIPTION: 


Measures right external fuel tank normal ac- 
celeration at forward end at Tank Sta, 38.0, 


CONSTANT : 
18.356 G's/50 K 
CHARACTERISTICS: 
TRANSDUCER 
Type ~ Statham AJ4&3~25-350 
Serial No. - 1252 
Natural Frequency - 210 cps 
Damping Ratio ~- 0.72 
GALVANOMETER 
Type - 7-342 
Serial No. - 6157 
RECORDED : 


Oscillograph Channel 1-6 for Flight Test 
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ian DOUGLAS AIRCRAFT COMPANY, INC. 


Dare Pact o. 020 
Pacpansco By _1, E., Harris Moog. 
4 Tine —LOg. Loada Investigation rerory _ 40636 
PTION : 


Measures left external fuel tank normal acceleration 
at aft end at Tank Sta. 122.3. 


QONSTANT 
18.980 G's/50 K 
DESCRIPTION: 
TRANSDUCER 
Type - Statham AJ43-25-350 
Serial No. = 1253 
Natural Frequency - 210 cps 
Damping Ratio - 0.74 
GALVANOMETER 
Type - CEC 7-342 
Serial No. - 7317 
Natural Frequency - 225 ops 
Damping - 0,574 
RECORDED? | 
Oscillograph Channel 1-34 for Flight Test 
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NOSE EQUIPMENT RACK ACCELERATIONS 


Accelerometers were installed in the nose of the 
airplane on the forward and aft ends of the equip- 
ment rack, P/N 5547318. Accelerometers were also 
installed on the airframe structure, Airplane Sta. 
29 and 49, below the accelerometers on the equip- 
ment rack. The accelerometers were oriented to 
measure normal accelerations perpendicular to the 
fuselage reference line. Photographs of the 
installation are shewn on Pages 7.011 and 7.0le. 
The accelerations were measured during the flight 
test phase only for landings 138 through 156. 
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Measures acceleration of equipment rack, forward end. 
COMSTAMNT: 
80.73 G's/50 K 
CHARACTERISTICS: 
FRANSDUCER 
Type~ ASA-200-380 
Serial No, = 3025 
Natural Frequency - 1065 ops 
Damping Ratio ~ 0.74 
GALVANOMETER 
( Type - CEC 7-342 
Serial No, - 7327 
. RECORDED: 
Oscillegraph Channel 1-23 for Fiight Test 
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Measures acceleration of nose equipment rack, aft end. 


Constawrs 
74.206 0's/50 K 
GQHARAOTERISTICS 
TRANSDUCER | 
Type - Statham ASA~200-380 
Serial No. - 3026 
Natural Frequency - 1225 
Damping Ratio - 0.94 
GALVAMOMETER 
Type = CEC 7-342 
Serial No. - 7302 . 
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Oscillegraph Channel 1-25 for Flight Test. 
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DESCRIPTION: 
Measures acceleration of structure at Sta. 29.375. 
CONSTANT : 
72.147 O'8/30 K 
CHARAOTERISTIOS! 
TRANSDUCER 
Type - Statham ASA-200-380 
Serial No. - 1464 
Watural Frequency - 1110 cps 
Damping Ratio - 0.74 
GALVANOMETER 
Type - CEC 7-342 
Serial No. - 4903 
RECORDED! 
Oacillegraph Channel 1-13 fer Flight Test 
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Photossope 


A Dougias Aicoraft Company-developed photoscope 
was used to obtain horizontal and vertical speeds 
at airplane touchdown. 


The DAC photoscope is a 35 mm camera running at a 
precise rate of 20 frames/ses. The speed is con- 
trolled by a precision pewer supply with a power 
requirement of 24 +1 volt D.C. A ciroular etched 
g@iass grid graduated in 2 degree increments of 
glevation and 1 degree increments of azimuth 

ig located in close preximity te the film plane 
and the grid lines are super-imposed on the photo- 
graph of the airplane. The camera must be 

leveled prior to use to assure that the grid 

lines are perpendicular and parallel to a 
horizontal line in space. This grid is fixed 
with respect to the mounting base, and the camera 
body containing the lens and film rotates in a 
horizental plane. The camera base (with glass 
grid) is locked in position after leveling and 
alignment. The camera has a 6 1/8 inch f£4,5 

lens and a shutter speed of 1/284 second. The 
film capacity is 100 ft. of 35 mm filn, 


The camera fer the subject landings was located 
525.5 feet from the centerline of the runway and 
100 ft. on the approach side of the intended : 
touchdown area. The camera was attached to a 
consrete platform to assure rigidity. A photo- 
graph of the photoacope is shown on Page 6,002. 


Camera level checks were performed before and 
after each series of landings. These level 
checks were made by photographing a target 
bpeard placed in turn on several points of 
known elevation relative to the photoscope 
camera. 


Certain markings were placed on the airplane to 
provide scale checks for check purposes with the 
photoscope film. The tires were marked as an aid 
in determining the touchdown point in the photo-~ 
es film. These markings are shown on Page 
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Touchdown Rate of Descent Indicator (TRODI ) 


Feur TRODI units were used fer 
instantaneous reading of vertical 
speed of the airplane at touchdown. 


Two TRODI unite were placed on each 
side of the runway near the area of ine 
tended toushdewn. The TRODI mirrors 
were mounted on the main landing gear 
of the airplane. The TRODI mirrors 
installation on the left and right 
main gé@éars can be seen in the photo- 
graphs on Pages 2.411 and 2.412, 


The operation, calibration, set-up 
and alignment of the TRODI equipment 
were handled by NATC persennel. 
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Mitchell Camera 


The Mitchell camera was used to measure 
horizental and vertical speeds and was 
used 28 a back-up data seurce for the 
DAC photeoseope. The Mitchell camera 

was operated and the data reduction from 
the film was completed by NATC personnel. 
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Speed Over Deck Indicator (SODI) 


The SODI was used for instantaneous reading 
of horizontal speed at touchdown and was 
operated by NATC personnel. The SODI units 
were placed near the runway edge to the 
left of the intended touchdown point. The 
SODI mirrors were installed on the under- 
side of the fuselage, left and right, near 
the aft end of the nose gear drag strut. 


AN/SPN-12 Approach Radar 


The AN/SPN-12 radar equipment was used by 
the LSO at the landing site to monitor the 
airplane approach speed and the horizontal 
velocity at touchdown. Set-up, calibration, 
and operation of the equipment were handled 
by NATC personnel. 
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Yaw and Sideslip Camere 


An 16mm movie camera, designation N-o, 
was installed on the right side of the 
airplane at Sta. 86.0 te photegraph a 
view dewnward. Grid lines were painted 
on the runway and the intent was to 
photograph the grid lines and deter- 
mine yaw angle and drift speed at air- 
plane teuchdowmn. The camera operated 
during appreximately 50% of the landings 
and on these landings for which film was 
obtained correlation with the escille- 
graph recerds was net possible, <A pheto- 
graph of the camera installed on the 
airplane is shown <n Page 8.402. 
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Telemetry Equipment 


Crystal type accelerometers were installed 
on the nose electronic equipment rack 
adjacent to the accelerometers discussed 
on Page 7.001 of this report. These ac- 
celerometers measured vertical shock loads 
applied to the equipment rack. Due to tne 
high frequency expected, the results were 
telemetered to a ground station and cole 
leated on magnetic tape. <A photograph of 
the airborne transmitter installed in the 
airplane is shown on Page 8,502. 


The carrier frequency assigned to the 
telemetry system conflicted with a high 
priority preject operating at the Naval 
Air Test Center and as a result, usable 
data were not obtained. 
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Drop Test Reaction Platform Loads 


For the drop test phase of the program, the 
ground reactions fer both main landing gears 
and the nese landing gear were measured with 
reaction platforms of Douglas Aircraft Company 
design. These platforms (E.S. Static Test 
Drawing 31296) are of 60,000 ib. capacity. 
The platforms utilize strain gage links ty 
measure the loads. Photographs of the two 
main gear reaction platforms are shown on 
Pages 9.005 and 9.017. A photegraph of 

the nose gear reaction platform is shown 

on Page 9,028. The procedure followed 

for adjusting tne drag preload on the plate 
forms to eliminate a back-lash condition 

in the links near zero drag loads is de- 
tailed on Page 9.023. 
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DESCRIPTION: 


Right hand gear vertical platform. This trans- 
ducer measures vertical deck forces induced by the landing 


. gear. 
CONSTANT: 
Los = 47650 B/4/250K Ohms Resistor Calibration 
CHARACTERISTICS : 
TRANSDUCER 
Type - DAC Design E.S. 5212457 
Serial No, - 2 
) Natural Frequency - Approx. 90 cpa (Vertical) 
| QALVANOMETER 
Type - 7-342 
Serial No. ~ 4978 : 
Resistance - 344.7 Ohms 
Natural Frequency - 227.8 cps 
Damping - 0.619 
oe 
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Osciliograph Channel 2-8 for Drop Test 
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DESCRIPTION: 


Right hand gear drag platform. This transducer 
measures horizontal deck forces induced by the landing 
gear. 

CONSTANT: 
Los. = 11411.8 6/A / 250K Ohms Resistor Calibration 
CHARACTERISTICS: 7 
TRANSDUCER 

Type - DAC Design E.8. 5212457 

Serizl No. - 2 
QALVANOMETER 

Type - 7-342 

Serial No. - 4903 

Resistance - 354.1 Ohms 

Natural Prequency - 227.8 cps 

Damping - 0.598 


hh 


RECORDED: 
Osoillograph Channel 2-12 for Drep Test 
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Cy ss CALEBRATION OF PLATPORN NO. 2 
# al ‘ 
DRAG LOAD FWD AND AFT 
P = 11,475 5/A @ 250 K 
TEST RUN CHANNEL LOAD READING xX Y 
2 2 1196 
2 1 2 ~1425 153 ~.12793 ~1825 
2 1 2 -2918 ~306 - 25585 ~2918 
2 1 2 =~ 366 -~4u 61 -. 38545 -4 366 
2 2 ~5906 618 ~.51672 -5906 
2 ’ 2 ~7409 -772_ ~ 6646 32 -7400 
2 1 2 -8893 ~929 ~ 7767 8893 
2 1 3 ~1056% ~1086 -~.90803 ~10564 
2 2 ~14834 -1243 -1.03930 ~1183y 
2 2 ~1337% -1409 ~1.17057 ~13374 
2 " 2 ~14868 -1557 ~1,30184 -14868 
2 1 2 1293 152 212709 1393 
2 1 2 2976 304 625418 2975 
2 ' 2 b4EO 462 3 3P629 w4BO 
2 | 2 5998 619 ~$1756 5998 
2 1 2 7462 779 265234 7h 2 
( ) 2 2 897% 931 9 TTB43 297% 
2 y 10508 1038 .90970 10508 
2 \ 2 12020 1242 1.03846 12020 
2 1 2 13579 1K1C 1.17893 1357? 
2 ’ 2 15141 1§73 1.31522 15161 
INTERCEPT SLOPE 1 SLOPE 2 SLOPE 3 SLOPE & 
AVE.OELTA Y MaKe MAX.— OMITTED x 
31.769 11489 .517 
36.393 750259 ~162.980 ,00000 
40.978 11476.698 
29.209 60.912 ~ 106.555 -.90203 
46.866 LWU7TNIT | 
23.983 54.278 -60.5%1 .32709 
50.396 11480.718 
21.477 u7.u87 -~45.296 (065134 ‘ye 
%7.055 —144B5.708 | 
19.491 45.481 43.8% ~1,0 3930 
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_ DOUGLAS AIRCRAFT COMPANY, INC. 


TITL.s REPORT 


DESCRI PIG: 
Left Hand Main Gear Reaction Platfera No. 1. 
This transducer measures the vertical deck forces 
indueed by the landing gear. See photograph ES 
201345. 
CONSTANT : 
Drops 1 through 14 | 
Lbs. = 4738 6/b for 250 K Ohm Calibrating 
Resistor 
Dreps 15 through 51 a 


Lbs. «= 47487 6/4 for 250 K Ohm Calibrating 
Resistor 


ISTICS: 
TRANSDUCER 
Type - DAC Design ES 5212457 
Serial No. - 1 
Watural Frequency ~ Apprex. 90 ops (Vertical) 
GAL VANOMETER 
| Type - CEO 7-342 
Serial We. - 5118 
Resistance ~- Galve sees 344.7 Ohne 
Natural Frequency - 217.3 ops 
Damping - H = 567. 
RECORDED: 
Oseillegraph Channel 1-8 for Drep Test (Dreps 1-31) 


DOUGLAS AIRCRAFT COMPANY, INC. 


Dare Pact 
TiTLe | Report. 


DESCRIPTION: 


Left Hand Main Gear Reaction Platferm Ko. 6. 
This transducer measures the vertical deck ferces 
arte by the landing gear. See photograph 


CONSTANT : , - 
Los. = 48450 6/4 for 250 K Ohm. Calibrating Resister e 


CHARACTERISTICS : 
Type - DAC Design BS 5212457 | _ 
Serial Ne, - 6 


| Natural Frequency - Apprex. 90 cps (Vertical) 


GALVANGMETER 
Type ~ CRO 7-342 
Serial We. - 5118 
Resistance - Galvo sees 344.7 Ohms 
Natural Frequency - 217.3 cops 
Damping - K = 567. me 
RECORDED! 4 
Oseiliegraph Channel 1-8 for Drep Tests (Dreps 32 and Subs) 
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: 4 Jan. 1962 9 CCUSLAS ALSCA4E YT COMPANY TEC. pase «= BOB, 
; FL OFGUNLO DIVISION Raper’ - _. 
: ig ‘ CALIBRATION OF PLATPORM NO. 1 


VERTICAL LOAD 


P = 47,480 8/a @ 250 XK 
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DOUGLAS AIRCRAFT COMPANY, SNC. 
EL SEGUNGO DIVISION 


DATE 26 MAY 1941 
TITLE: LANDING LOADS INVESTIGATION 


Se 5S =. = Let 
TEST RUN CHANNEL LOAD 
6 2 10 ai 
6... 2 10 4980 
6 20 10 10635 
é 2 10 W975 
é 2 10 19925 
r 2. 10 24990 
6. 2 10 29965 
6 2 10 34969 
& 2 10 36600. 
6 ‘2 19 ut 350 
é 2 10 . h99895 
INTERCEPT . SLOPE 1 
AVE.DELTA Y MAX «+ 
216.058 85559089 
611.779 769-982 
~$3.627 47548.531 
97.592 239.066 
~4B.6R9 475532579 
734562 197.573 
-65.738 ¥7533.,003 
4G6S0% The 2h0 
~116967 87466-9840 
: 37.934 u4E. 86? 
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SIDE, VERTICAL LOAD 
REAN ING X ‘YY 
7689 , ae 
829 » 10732 8930. 
1423 21106 10035: 
2421 31487 Ye97s 
3242 oh2164 19925 
ODS » 52087 24990 
ub21 2 62700 29965 ° 
5666 «73690 54960 ° 
6470 0 2h 1b6 36600 
7272 94577 bh8S0 
8077 1.05086 49895 
SLOPL 2 SLOPE 3 SLOPE & 
MAX.- OMITTED x 
-2794.09) 00000 
~132.262 ~BU1NS 
-9B 405 052087. 
-79.098 662700 
-77.018 2107382 
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DOUGLAS AIRCRAFT TCOKPANY, INL. 
el SEGUNDO DIVISICN 


pace 9,015 - 


fee 
{. X PREPARED BY H.O. MERIWETHER 7 ome 
DATE 24 MAY 1961 MODELL AUDE2 © 
TITLE LANOING LOADS INVCSTIGATION REPORT NO. 80636 
RECALIBRATION CF DYNAMIC REACTION PLATFORM 6 
Lettie. SIDE, VERTICAL LCAND 
TEST RUN CHANNEL LOAD READING x Y 
6 3 10 7792 
6 3 10 5000 226 © 10750 5000 
6 3 10) 10000 1634 021215 10006 
é Z 10 15000 2640 2 318680 15000 
6 3 10 20000 3246 04 2145 20000 
6 5 1C 25000 4OWB 252558 25000 
6 5 10 30000 4850 .6297) 50000 
b 3 10 35000 5650 «73353 35000 
6 3 10 b0000 64454 » 83926 40000 
6 3 10 45 00% 7254 294 1E3 45000 
6 3 10 50000 B1Vy 1.05349 50000 
INTERCEPT SLOPE 1 SLOPE 2 SLOPE 3 SLOPE 4 
' AVE.CELTA Y MAX .+ MAX. - OMITTED Xx 
-109.880 U7756.760 
56.840 130.974 ~201.513 ~00000 
—-173.0€5 47919.899 
172869 4O.T17 “hu. 122 1205249 
-181.535 W7948.430 
160462 26.861 ~26.28) 323926 
12.693 25.053 -18.800 . 10750 
226.5234 &8013.992 
552 15-662 -§.913 eei2t 
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Left hand drag platfors. 
CONSTANT 
mem ih, BHM Se BE 
pa 32 and Subs. D = 1168a 8/o / SOK 
ISTICS: 
TRANSDUCER, ; 


Type - DAC Dwg. 5212457 
Serial No. - 6, drops 3@ and subsequent 


GALVANOMETER 

Type - 7-342 
Serial Mo. - 7387 
Resistance - 354.4 Ohne 
Natural Frequency ~- 222.0 cps 
Demping - 0.56% 

REOORDED 
Oseillegraph Channel 1-14 for Drop Test 
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9 gan. 1961  DOUSLAS ALQCRAFT COMPANY, INC. e 9.02 
c | \ EL SEGUNDO O1VISION Repert 40636. . 
SO CALIBRATION OF PLATFORM NO. 1 DO | 
P , i 
DRAG LOAD FWD AND APT 
P » 11470 8/A @ 250 K 
TEST RUN CHANNEL LOAC READING x | Y 
2 1063 a 
{ 1 2 ~ 1530 ~V%z ~.13N52 ~1530 
T ! 2 -2982 =~?76 - .2596% -2983 
i 1 2 —4hd i -U1é - 639135 -4G6! 
1 1 2 --§992 ~§5§ ~.52211 -5992 
1 1 2 —-THYY =~ 59% -.6528? ~ Thiel 
1 1 2 ~89K9 -2932 ~. 78363 -89%9 
} | 2 -105C5 - OP} =~ .933K5 -10505 
) 1 2 ~11932 © -1110 -1.04%21 -~11932- 
! 1 2 -13442 ~1258 -1. 18384 -13862 
} 1 2 ~14915 -1390 -1.30762 ~16915 
1 1 2 163u 143 » 13452 1624 
t | 2 3060 283 026623 3060 
| 1 2 4695 429 e&0357 4695 
! ! 2 6199 566 $3246 6199 
iY 1 1 2 77$6 712 0 66980 -*'77S6 
ae ! | 2 9312 359 20809 9312 
1 1 2 19816 290 093133 19814 
1 1 r] 1239} 1125 1.05823 - 12191 
1 1 2 137723 1262 1.18721 13773 
j 1 2 1§278 1¥ 1% 1.33020 16278 
BNTERCEPT SLCRE 1 SLOPE SLOPE 3 SLOPE & 
AVE.CELTA Y MAX .¢ MAXe- OMITTED x 
3350278 11435.858 
37.38% 82.707 -65.33) 200090. 
hesT95 TWh 6232 " 
33,636 77.823 ~68.37% 1. 18721 : 
RBoGu9 11870<790 | 
30.312 69.978 -79.027 093133 
663799 1946%.959 
28.710 59.328 ~53,008 ~.91345 
Ai 432038 1H72.913 
230419 47.5459 -4?,122 
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TITLE LANDING LOADS INVESTIGATION REPORT NO. 
| LeH. DRAG PLATFORM CALIGRATION 
EFFECTIVE CROP 32 AND SUBS 
TEST RUN CHANNEL LOAD READING x Y 
32g 16 718 
32 b 16 1§00 %6 . 13370 1500 
32. 6 16 3000 187 026085 3000 
32 b 16 ¥500 283 2 39415 «500 
32 6 16 6000 372 352646 6000 
32,0 16 7500 473 065877 7500 
32. 6 16 9000 561 o7h13K 9000. 
32 6 16 10500 653 90947 10500 
32 6 16 12000 The 4.04178 2000 
32 6 16 13500 840 1.16992 13500 
32 6 16 15000 933 1629944 15000 
32 6 16 - 1500 -93 ~. 12953 ~1590 
32 b 16 ~3000 ~188 ~.26184 - 3000 
32 6 16 ~4 500 -282 ~.39276 -&4500 
32 6 16 -6000 -375 = 252228 6000 
32 6 16 -7500 ~469 = 265320 -.7500 
32 6 16 -9000 -~562 -.78273 -~9000 
32 6 16 ~10090 -621 = 086490 -10000 
32 6 16 -10500 ~650 - 290529 -10500 
32 6 16 ~12000 ~?46 ~1.03900 -12000 
32 b 16 ~13500 ~236 1016835 -13500 
32 6 16 -15000 -931_ ~ 1029666 ~15000 
INTERCEPT SLOPE 1} " SLOPE 2 SLOPE 3 SLOPE & 
AVE.CELTA Y MAX 9+ MAK. ~ OMLTTED X 
- 16.388 11535.616 
30.687 51.491 ~82.98) 00000 
~12,.89% 11580220 
“8.23% 11583. 35% 
24.233 48.37) 51.335 252646 
-5 2596 11538.836 | 
: 420542 -48.743 -1.36835 
20717 115934.370 | : 
37.007 -4 3.560 -.90529 
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REACTION PLATFORM DRAG LOAD CALIBRATION 
PROCEDURE FOR ADJUSTING DRAG PRELQAD 


Link 2 Pin 
Frame End 
Tension Bolt 


Platform End 
Rear End Rolier Strip 


Platform 


l-Pull out rear end reller strip. 

2-Sorew tension bolts te contact with frame end. 

3-Pull out link 2 pin and disconnect link 2 leads from bridge. 
Replace with resistors (two 500K" ) of near equal values. 

h.Load platform to preload value (7500 lbs.). Recerd bridge 
mov. reading. 

S-Remove load, reinsert link 2 pin (but do not heok up bridge) 
and. tighten tension bolita te m.v. level attained in step 4. 
Seoure lock nuts. 

6-Rewove the two resistors and hook link 2 back into bridge. 

7TReplace rear end roller strip. Adjust platform end by spaeing 
out as required for Y clearance (no end play). 

8.Conduct regular calibration. 


Note: The purpose for preloading the two drag links is to create 
more accurate oscillograph readings. This is done by 
eliminating a back lash condition in the links which occurs 
when the drag load is near sero value. 
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DESCRIPTION : 


Nose gear vertical platform. This transducer 
net recorded after airplane drop test No. 32. 


CONSTANT : 
Lbs. = 24106 6/A / 500 K Ohms Resistor Calib. Drops 1 ~ 14 
Los. = 23950 8/4 / 500 K Ohms Resistor Calib. Drops 15 ~- 32 
CHARACTBRISITCS : 
TRANSDUCER 
TYPE - DAC Design ES 5212457 
SERIAL Mo. - 6 
GALVANOMETER 
TYPE - 7-342 
SERIAL NO. - 7302 
RESISTANCE - 344.6 Ohas 
NATURAL FREQUENCY - 228.2 ops 
DAMPING - 0.574 


RECORDED ? 
Osciliegraph Channel 1-25 for Drop Test 
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VERTICAL LOAD | oe 2 
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P = 23,950 5/A @ 500 K 
TEST REN CHANAEL: Loa READING hk ¥ 
[ 6 3 WoC | a 
; ¢ 1 ’ 5CCC | 16? s2rCe 560¢ s & 
: 6 1 \ attra 20h 21633 F006. - 2 
F ; é 1 15¢C6 zo 062653 9000) 
en 1 2CCLC uC 033467 20000 ms 
a - 1 1 25ccc 211 1.04 2R¢ 25000 on 
' ‘ 6 1 ) SECS 518 1625516 39000 _ oe 
en: 1 } A500 71? 1.46227 35000 . ¢ 
é 4 q YOKE 319 1.67185 BOONE” ie 
é 1 1 LSCGD 971 1687959 &5000 
: 4 1 1 50c0e 1022 2 CETTE cous 
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( Y AVE.CELTA Y MAX 44 MAK. - ChITTED xX | 
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oe Be 318 239266662 
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} 24 e0ut Sie TCC “420.4 ) fee S310 
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Wing Lift For Drop Tests 


For the drop test phase of the progran, 

an upward force was applied to the 
structure at the instant the free- 

falling cirplane centacted the reaction 
platforms. The upward force to be applied 
was based on the aircraft weight and load- 
factor actually encountered during the 
flight test phase of the program. The 
actual loads applied by the lift devices 
were measured by calibrated force links. 
Photographs of the right-hand and ieft- 
hand wing lift link transducer instai- 
lations are shown on Pages 9.107 and 

9. 113 respectively. 
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DESORIPTION : 
Right hand wing lift link. This transducer 
measures wing 1ift applied by the right hand wing lift 
pot tc A/C stations X = 50.5, Y= 233.7, Zs -18.0. 
CONSTANT : 
Lhe = 5123 6/A 
CHARACTERISTICS : 
TRANS DUCER 
Type - DAC Design 
Serial No. - 445A 
GALVANOMETER 
Type - 7-338 
Serial No. - 4365 
Resistance - 120.7 Ohms 
Natural Prequency - 203.0 cps 
Damping - 0,596 
RECORDED : 
Oscillograph Channel 2-24 for Drop Test 
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COND | TION 


CALIBRATION OF R.H. LIFT POT LINK NO. 44A 


CALIBRATE BETWEEN RED AND GREEN LEADS 


GAGE LOT NUMBER CHANNEL RESPONSE IN MILLIVOLTS 


P = 5110 6/dpy 
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_ CALIBRATION RESPONSE 
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CALIBRATION OF R.H. MAIN GEAR No. 16 
LIFT POT LINK WO. 44A 


TEST RUN CHANNEL LOAC REACING X Y 
Bu } } 613 
uh ] 1 1000 i22 0 19902 1Q0¢C 
4 y ) ) 2000 24C e 391952 2000 
U\ } 1 3000 360 o5E722 3000 
u& } 1 KCOG 450 oe 76503 WOOL 
Bu j i 5C00 5°99 oVTTNG 5000 
G4 } } 6000 720 Pe t7ass 6600 
wh } } 7000 83z 1.367C5 100G 
Uy } } 8000 >6) 1.58770 ECO 
whe i 9000 1079 1.76029 9000 
yy } 1 1OCOS 1200 be? S759 10Cc00 
INTERCEPT SLOPE } SLOPE ¢ SLOPE 3 SLOPE & 
AVY ™,DCLTA Y MAX .+¢ MAX.- OMITTED) x 
~6.077 S114.752 
6.428 13.963 *“1ee32u e09CSO 
~6.096 o493.279 
5.938 9.239) ~11.56! 1.367C5 
758 $108.4C6 
3.638 72304 ~9,406 010702 
~.C079 51102590 
3.042 62207 “4,728 1.5677C 
-1.558 StTIO.991 
1.9133 Se ctu ~3.644 0 97716 
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DESCRIPTION: 


Left hand wing lift link. This transducer 
measures wing lift appiled by the left hand wing i1ft 
pot to A/C stations X= -50.5, Y = 233.7, 2% = -18.0. 


CONSTANT : 


Lbs = 5044 6/a / 50K Ohms Resistor Calibration 
CHARACTERISTICS: 
TRANSDUCER 
Type - DAC Load Link 
Serial No. - 414A 
GALVANOME?ER 
of | Type - 7-336 : 
| Serial No. - 4357 
Resistance - 120.4 Ohms 
Natural Frequency - 214.7 ops 
Damping - 0,663 
RECORDED: 
Osciliegraph Chennel 2-23 for Drep Test 
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CALIBRATION OF L.H. LIFY POT LINK NO. 41A 


CALIBRATE BETWEEN RED AND GREEN LEADS 


GAGE LOT NUMB:R HANNEL RESPONSE IN MILLIVOLTS 
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11.17 | 11.07 | 11.22 
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CALIBRATION OF L.H. MAIN GEAR No. 10 
LEFT POT LINK NO. 4A 


TEST RUN CHANNEL LOAD READING Xx Y 
S| 1 1 617 
u) } 1 1CCO0 122 019772 1C90 
u } } 20C0 243 ohCIGh 20Q0 
% 1 } ! 3009 372 060292 39090 
4} 1 } UCOO UOS 020227 4000 
ul } } 5600 619 1.00224 5000 
y } } 1 C00 T43 1.2042 } 6000 
4) ? } 7399 Bé7 1.40519 7000 
4} } } 2c00 99% 1.60940 E200 
4 } } FCCoO 1315 1.80713 9000 
4 ] } } 1OCOC 1239 ~-CSC810 12000 
INTERCEPT SLCPE 1 2 SLOPE 3 SLOPE & 
AVE.CELTA Y MAX. MAX, ~ OMITIES X 
7.550 U97H OBI 
5224) C.920 =12e83E 200900 
6.501 Y976UNS 
062% 49780.506 
1.777 3.393 ~2e508E 0b 0207 
-1.798 4u721.600 
1.535 20 885 “1.772 1.00324 
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Drep Test Release Ti 


A micro-switeh was installed on the drep 
test quick-release heek in order to record 
the instant of release. The details of 
this installation are shown on Page 9.202 
and a photograph is ineluded on Page 9.203. 


Time Base 


The time base used for all time measurements 
on the oseillograph records for the drop 
tests was furnished by a Hewlett Packard 
205AG Oselllater with 1000 eycles per seeond 
mecerses simultaneously on all the cscille- 
graphs. 


For the flight test phase, a orystal centrol- 
led frequency generator unit set for 50 ops 
was utiliged with a similar setup. 


Strain Gage Voltage Moniter 


Tne voltage applied te the test instrumenta- 
tion transducers was monitored during the 

sa and recerded as indicated en Page 
9.205. 
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DESCRIPTION: 


This transducer indieates the time at which 
the aircraft was released by ths quick release hook. 


CHARACTERISTICS: 
CALVANOMETER 
Type - 7-323 
Serial Wo. - 8235 
Resistance ~- 1 K Ohms 


| | Miore- fere. }——f + 


| ip Release Hook 


Beto eae to Aircraft 


RECORDED: 
 =Oselllograph Channel 2-1 for Drep Test 
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REPORT 
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DESCRIPTION: 
~ ne idrey ppt oe eee recerds tise 
CONSTANT : | 
1000 Pips /Second 
CHARACTERISTICS : 
TRANSDUCER 
Type - Hewlett Packard 205.AG@ Oscillator 
GALVANOMETER 
Type - 7-326 
7 oe Serial No, - 5225 (Oscillegraph 1) 
= Serial No. - 7078 (Oscillograph 2) 
Oscillograph Channels 1-18 and 2-20 for Drep Test 
4% % 
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DESCRIPTION: 
| Strain gage voltage monitor. 
CONSTANT : 
Nene - measures relative voltage. 
CHARACTERISTICS: 
QALVANOMETER 
Type - 7-525 
Serial Ne. - 8548 (@eelllegraph Ne. 1) 
Serial No. - 8072 (oscillograph Ne. 2) 


i 
6 et 
RECORDED : 
Oscillegraph Channels 1-22 and 2-22 for Drop Test 
ied 
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A TRODI unit, on loan from NATC, was utilized 
during the drop test program to define the 
vertical velocity of the airplane just prior 
to contact with the reaction platforms. The 
mirrer units which were installed on the land- 
ing gear during the flight test phase were also 
utilized for the drop test phase. A stand was 
fabricated te position the TRODI unit properly 
to record the vertical velocity just above the 
reaction platform. The TRODI equipment was 
calibrated by the use of a free-fall jig 
fabricated for the purpose. 
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The oscillograph schedules used during the 
flight test phase and during the drop test 
phase of the program are included on Pages 
10.002 through 10.021. These schedules list 
the oscillograph channels used for recording 
the test parameters together with the pertinent 
information concerning the transducers, the 
centrel panels, and the galvanometers. 
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